Most sports enthusiasts, whether elite athletes or recreational players, are concerned with performance. Their clothing and equipment have an important role to play in realising potential and maximising enjoyment. In designing and optimising the tools of these athletes, Sports Engineers have a role in shaping the development of many sports. As computational techniques become more advanced, much of the design and testing of this equipment takes place virtually. By saving on the costs of producing multiple prototypes and using complex test equipment, the predictive model is an essential aspect of sports equipment development, design and regulation.
As an example of predictive modelling being used to bring about change in sport, Haake et al. 1 combined a racket impact and aerodynamic model to explore methods in which the game of tennis could be slowed down (a genuine concern at the time), leading to the introduction of a new ball type within the rules. The 6% larger ball was subject to higher drag, giving a receiving player a precious 10 milliseconds extra to respond to a first serve. As demonstrated by Haake et al., 1 predictive models can provide an environment in which virtual prototypes can be fully tested, allowing engineers to explore the effects of a change in design, technique or method without the need for costly and complex experiments.
In this special edition we've brought together a unique collection of papers that apply a variety of modelling techniques to the world of sport. The edition also highlights the global appeal of sports engineering, with papers originating from the UK, USA, Australia and Japan. In addition, many of the papers showcase ties between academia, industry and sporting bodies, reflecting the close relationship current research has with product development, coaching and strategy. It's no surprise that finite element modelling features prominently within the edition; it's a cutting edge technique that has applications within academia and industry.
The edition opens with a paper by Burbank and Smith, who used a bespoke method to produce a finite element model of a polyurethane softball core with a physically accurate material model. Moving on from ball material to ball behaviour, Allen et al. used a preexisting finite element model to explore the oblique impact behaviour of a spinning ball. Highly accurate models of the type presented in these papers could be applied to develop and regulate sports ball behaviour. To obtain the most representative scenarios it is also important to consider how the conditions of a ball impact are generated. Tanaka et al.'s work aims to model a full golf swing and impact using finite element analysis. Their model has the potential to replace costly and complex golf swing robot experiments. By including a full club, they recognise that the shaft may be one of the last areas left to yield performance increases in the heavily regulated world of golf.
Rather than focusing solely on performance, Mase et al. highlight the importance of designing sports equipment to appeal to the customer. Their novel application of applying finite element analysis to simulate the impact sound of golf clubs recognises the role of user perception in sports equipment design. Reickmann et al. also recognise the end-user, in a sport where precision is key, their simple modelling technique provides a method for archers to correctly choose their equipment. Interestingly, they use an analytical model in addition to finite element analysis, highlighting the strengths and weaknesses of both techniques. Bogert et al. have taken the role of the end user in sports engineering even further by including them within a predictive model. Their paper looks at running efficiency as shoe mass is altered, but recognises that running style is also affected. It is important that user interaction is accounted for in predictive modelling in order to achieve the most realistic results.
The validation of a predictive model can be a timeconsuming process with supporting experimental work often taking much longer than the development of the model itself. We believe this unique collection of articles represent the current state-of-the-art in predictive modelling in sport. As computational power continues to increase, we can only expect the complexity and predictive power of modelling techniques to increase in tandem. We expect models of the future to, not only include accurate impact or aerodynamics elements, but entire virtual environments that take account of every element of equipment and athlete.
We hope you enjoy reading this special edition as much as we enjoyed putting it together.
